INTRODUCTION
The SSRMS [1] [2] [3] has been in operation since = + + + + + + + R r r r r r r r r (1)
Arm Control Mode
The manual mode operation of the demonstration model of the SSRMS for this study is performed in three different ways:
1) All joints are movable with inverse kinematics so that the sum of the squares of each joint's motion is minimized.
2) Either the Shoulder Roll (SR) or Shoulder Yaw (SY) joint is held, that is, a zero rate is commanded to the SR/SY joint as long as the arm is outside of the six-joint singularity regions, and the SR or SY joint is released and moves when approaching a six-joint singularity.
Arm Kinematics
The SSRMS has 7 joints and the degree of freedom of each joint from the base to the tip is RollYaw-Pitch-Pitch-Pitch-Yaw-Roll.
3) Either the SR or SY joint is locked, that is, a zero rate is constantly commanded to the SR or SY joint. 
EVALUATION INDICES FOR ARM

CONFIGURATION
The following three evaluation indices are introduced for overall arm configuration monitoring.
1) Manipulability Index : w
The Manipulability Index w, proposed by
Yoshikawa [4] , can be considered as an index to show a conceptual distance from a singularity point and is used in order to identify the arm's singularity conditions. The three kinds of manipulability indices, which correspond to the arm control mode as shown in Section 2.2, are defined as follows:
The joint angles are defined as follows;
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The frame Ai is a base coordinate system fixed to each link and is expressed by Manipulability Index w with seven joints movable
Manipulability Index w Roll with six joints movable 
from the A0 to the P coordinate system is expressed as 
φ is the PTP pitch angle with respect to the base coordinate system. If the angular rate vector of the P coordinate system P ω is defined as Therefore, the PTP pitch angle φ, defined in Equation Furthermore, in order to evaluate the PTP motion, the angular rate vector of the P system, ω , in Equation (9) is broken down into increments.
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EVALUATION OF ARM OPERATION WITH THE PROPOSED INDICES
The arm operation path shown in Figure 3 and Table 1 was used as an example to apply the evaluation indices described in Section 3. The initial arm control method was SY-held. Between Position Figure 4 with the superimposed values of Pos 1 and 5. Figure   5 shows the computational results of the PTP rotation rate about the roll and yaw axes of the P system, using Equation (9) for SR-held and SY-held cases. Table 3 shows that the EW between Pos 1 and 2 is fairly large compared with those between Pos 2 and 3 and between Pos 3 and 4. This is because a large PTP rotation in roll occurred without significant translation of the FOR. However, the PTP rotation became smaller in the path of Pos 2 to 3 to 4 after enabling the previously held SY joint at Pos 2, resulting in a smaller EW in this path. Figure 5 shows that, at Pos 1, the PTP rotation in roll and the EW value are smaller in the SY-held than in the SRheld case, while the PTP rotation in yaw is larger in arm configuration and will also allow the further utilization of the unique advantages of 7-joint arms.
CONCLUSIONS
This study has clarified that the ratio of the norm of a wrist displacement vector to the norm of an elbow displacement vector is an essential parameter for a robotics operator in order to detect a change in the arm's overall configuration. Also noted is that, for the example trajectory, the control method with 7 joints movable is preferred to the SR or SY joint held since the magnitude of manipulability with the SR or SY held method changes extensively during the maneuver, and this change is not intuitive to the operator. Providing the arm operator with the information related to elbow motion, such as EW and PTP graphical predictor, which indicate the pitch plane change, will increase the operator's situational awareness in monitoring the clearance of the arm with respect to the surrounding structure and will enhance the operational safety, mission success, and training efficiency of the ISS robotics. 
